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ABSTRACT 53 
Objective: To evaluate hip abductor and adductor peak torque outputs and compare their ratios 54 
between sexes.  55 
Design: A cross-sectional laboratory controlled study. 56 
Setting: Participants visited a laboratory and performed an isokinetic hip abductor and adductor 57 
test. All participants performed two sets of five repetitions of concentric hip abduction and 58 
adduction in a standing position at 60°/second. Gravity was determined as a function of joint 59 
angle relative to the horizontal plane and was corrected by normalizing the weight of the limb on 60 
an individual basis. 61 
Participants: A total of 36 collegiate athletes. 62 
Independent Variable: Sex (20 females and 16 males). 63 
Main Outcome Measures: Bilateral peak hip abductor and adductor torque were measured. The 64 
three highest peak torque values were averaged for each subject.     65 
Results: Independent t-tests were used to compare sex differences in hip abductor and adductor 66 
peak torque, and the abductor: adductor peak torque ratios. Males demonstrated significantly 67 
greater hip abductor peak torque compared to females (Males,1.29±0.24 N-m/kg, 68 
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Females,1.13±0.20 N-m/kg;, p = 0.03). Neither hip adductor peak torque nor their ratios differed 69 
between sexes.  70 
Conclusion: Sex differences in hip abductor strength were observed. The role of weaker hip 71 
abductors in females deserves further attention and may be a factor for higher risk of knee 72 
pathologies.  73 
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INTRODUCTION 81 
It has been documented that approximately 100,000 to 250,000 individuals suffer an 82 
anterior cruciate ligament (ACL) injury annually in the US alone
1
, and females have two to four-83 
fold higher risk to suffer ACL injury compared to the male counterparts in sports of soccer and 84 
basketball.
2
 In addition to females’ higher risk for ACL injuries, they are more likely to develop 85 
patellofemoral pain syndrome (PFPS).
3,4
 In fact, one retrospective case-control study that 86 
analyzed running injuries reported female runners have 1.7 times more PFPS incidents compared 87 
to male runners.
4
 A common biomechanical risk factor for the both ACL and PFPS was knee 88 
abduction motion and torque.
5,6
 Via examination of a total of 205 young female athletes, a 89 
prospective cohort study concluded that knee abduction moment is a strong predictor for future 90 
ACL injury with high sensitivity (78%) and specificity (73%).
5 
Similarly, another prospective 91 
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study that investigated 240 young female athletes found that knee abduction moment is an 92 
indicator for future knee PFPS development.
6
  93 
Recent studies have discussed a sex specific influence of the lumbo-pelvic-hip complex,
7
 94 
which includes trunk, pelvis and thigh segments, on the knee abduction and lower extremity 95 
pathologies. Reviewing previously published studies, Mendeigchia et al. summarized that 96 
females tend to have less trunk and hip flexion during dynamic movements compared to males, 97 
which may lead to a decreased energy absorption and consequently increased knee and ankle 98 
loads.
8
 Another study that compared video images of professional female and male basketball 99 
players revealed that female athletes who suffered an ACL injury landed with greater lateral 100 
trunk flexion and knee abduction angles compared to male basketball players.
9
 Similarly, a three 101 
year prospective study examining 277 college female and male athletes reported that trunk 102 
neuromuscular control deficits, especially lateral trunk flexion, were a predictive variable for 103 
future knee ligamentous injuries including ACL injuries for females, but not for males.
10
 Finally, 104 
a cross-sectional study assessing knee kinematics in a drop landing task found that fatigued hip 105 
abductor musculature is associated with elevated knee abduction in females, but not in males.
11
   106 
A few studies investigated the role of hip abductor strength in knee pathologies and found 107 
weak hip abductor strength in a PFPS population compared to non-PFPS population.
12, 13
 108 
However, little is known about the contribution of the hip adductors, especially in relation to 109 
knee abduction (Figure 1). The knee abduction position or “knee valgus” refer to an angle that 110 
can be influenced by voluntary motion of hip. As the position of the pelvis changes relative to 111 
the distal segments, a lack of adduction muscular control can result in the knee abduction or 112 
valgus positions that increase risk of knee injuries including ACL and PFPS in female population. 113 
Therefore, hip adductor strength may potentially play a critical role in knee abduction kinematics 114 
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in dynamic movements. More precisely, the strength ratio between hip abductors and adductors 115 
may be an important factor for the determination of injury predisposition since hip abductor 116 
strength may be responsible for counterbalancing against the hip adduction strength in dynamic 117 
movements. In addition, hip adductor strength may be different between sexes, which may 118 
explain the higher rates of knee pathologies in female population compared to the male 119 
counterparts because if hip adductor strength differences exist between sexes, it may influence 120 
frontal plane knee biomechanics. Specifically, higher hip adductor strength may potentially 121 
contribute to excessive knee valgus.  122 
Of interest methodologically, there are various methods to control for gravity correction 123 
when assessing hip strength. Specifically, documentation of the methodology for gravity 124 
correction has often not been reported. Thus, the primary purpose of the current study was to 125 
investigate isokinetic concentric hip abductor and adductor peak torque and abductor:adductor 126 
peak torque ratios between sexes. It was hypothesized that sex differences in isokinetic hip 127 
abductor and adductor peak torque and abductor:adductor peak torque ratios would be observed. 128 
More precisely, females demonstrate higher hip adductor peak torque in relation to hip abductor 129 
compared to that of males. The secondary purpose was to demonstrate the importance of gravity 130 
correction when assessing hip abduction and hip adduction, and to compare gravity correction 131 
methods in the literature.   132 
METHODS 133 
Participants 134 
With institutional review board approval, thirty-six healthy college aged athletes signed 135 
an informed consent and voluntarily participated in this study (16 males, age = 20.5±1.6 years: 136 
height = 1.89±0.09 m: mass = 86.2±9.9 kg and 20 females, age = 19.4±1.1 years: height = 137 
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1.79±0.05 m: mass = 72.3±8.2 kg). Included subjects engaged with sports of volleyball, 138 
basketball, baseball, and tennis. The exclusion criteria were: 1) Any previous knee surgery 139 
within six months from testing date. 2) Any previous hip surgery that limited full hip abduction 140 
and adduction range of motion. 3) Any acute, sub-acute, and chronic hip injury and condition 141 
that caused pain and limited full hip abduction and adduction range of motion. 4) Current 142 
pregnancy in female subjects. Any subject with hip and pelvic dysfunction that would potentially 143 
influence the outcome of the current study were treated as a confounding variable and excluded 144 
from this study.   145 
Instrumentation 146 
Isokinetic concentric hip adductor and abductor strength were assessed using the Biodex 147 
System 3 Isokinetic dynamometer (Biodex Medical System, Shirley, New York). Gravity 148 
correction was performed prior to testing of each subject. Details of the gravity correction were 149 
described in last paragraph of the procedure section.   150 
Testing Procedures 151 
Subjects were tested while standing and the testing leg was placed in approximately 5° of 152 
hip flexion. The approximately 5° of hip flexion was selected because the gluteus medius 153 
functions primarily as a hip abductor when the hip was flexed below 30°. However, once the hip 154 
flexion passes greater than 30° flexion, gluteus medius starts acting as a hip internal rotator.
14
 155 
Additionally, when the hip was extended more than 15°, the line of pull is changed and it 156 
becomes an external rotator.
14
 The subject stood facing the dynamometer with the hip joint axis 157 
of rotation aligned with the dynamometer axis of rotation at frontal plane. The hip joint axis of 158 
rotation was defined as the intersection of an imaginary line directed inferiorly from the anterior 159 
superior iliac spine down the midline of the thigh and a second imaginary line medially directed 160 
7 
 
 
 
 
from the greater trochanter of the femur toward the midline of the body. An attachment arm was 161 
placed over the middle one-third of the lateral thigh and resistance pad was applied at the same 162 
level of the medial thigh. The hip was securely restrained by a supporting strap to stabilize hip 163 
and torso movements during testing. Leg testing order was counterbalanced throughout the study. 164 
Procedure  165 
The investigator set the subject’s range of motion by assigning 0° of adduction as the 166 
position when the hip was in a neutral alignment. The subject was instructed to abduct the hip to 167 
approximately 45° of abduction. (Figure 2) At that time, the subject was asked to be relaxed, and 168 
the subject’s limb was weighed to calculate the gravitational factor. (Figure 2) The tested range 169 
of motion was approximately 45° of hip abduction to 0° of hip adduction motion. The subject 170 
was tested at 60°/sec for two sets of five repetitions per leg. This particular velocity was utilized 171 
because it has been reported that slower velocities can reproduce greater concentric forces in 172 
isokinetic testing.
15
  173 
Each subject was given five minutes to warm-up and stretch. The subject was given 174 
several pre-trial submaximal repetitions before performing the actual trial. For each trial, subjects 175 
were asked to “push in” as hard and fast as possible to the end of the range of motion and then to 176 
“pull out” as hard and as fast as possible until they returned back to the hip neutral (starting) 177 
position. Subjects initiated testing following a verbal start command from the investigator, and 178 
verbal encouragement was given to the subjects throughout the testing session to employ 179 
maximal efforts. After one limb was tested, the subject received a few minutes of rest to prevent 180 
muscular fatigue of the contralateral hip, as pelvic stabilization during this activity results in 181 
bilateral co-contracture of the hip musculature. The same process was repeated with the opposite 182 
limb.  183 
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The dependent variables were hip abductor and adductor peak torque and hip abductor: 184 
adductor peak torque ratio. The independent variable was sex. A difference was not observed 185 
between right and left limb so that the bilateral peak torque values were combined to produce a 186 
single measure. Three highest peak torque values were obtained from five peak torque repetitions 187 
and were extracted for statistical analysis. The hip abductor:adductor peak torque ratio was 188 
defined as hip adductor peak toque divided by hip abductor peak torque. The three highest peak 189 
torque units were converted from Foot-pound (Ft-lbs) to Newton-meters (N-m), and the values 190 
were normalized by mass (kg). Although gravity correction was executed prior to each trial by 191 
the Biodex 3 system, potential contribution of upper body gravity, since the testing position was 192 
standing, was a concern. Thus, gravity correction was once removed and the data without gravity 193 
compensation was obtained (Figure 3). Segmental percents of mass and length of upper leg, 194 
lower leg, and foot were referenced from previous studies
16, 17 and applied to each subject’s 195 
upper leg, lower leg, and foot based on their mass and height. Then, gravity compensation was 196 
recalculated solely for the lower extremities (Figure 3). A series of calculations was applied for 197 
the above gravity correction procedure (Table 1), and these values were used for statistical 198 
analysis.  199 
Statistical Analysis 200 
The concentric abductor and adductor peak torque, and the abductor:adductor peak torque     201 
ratios were analyzed by a series of independent t-tests to compare differences between male and 202 
female subjects. Alpha level (α) was set at <0.05 prior to the analysis. 203 
RESULTS 204 
Descriptive values [mean and standard deviation (SD)] for the concentric abductor and 205 
adductor peak toque, and the abductor:adductor peak torque ratios are displayed in Table 1. 206 
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There was a significant difference in hip abductor peak torque between male (1.29±0.24 N-m/kg) 207 
and female (1.13±0.20 N-m/kg) athletes. Males produced 0.16 N-m/kg higher concentric 208 
abductor peak torque than that of females (p = 0.03; Table 2).                                                                                                                                    209 
 In contrast, concentric hip adductor peak torque was not different between sexes (p = 210 
0.79; Table 1). The concentric adductor peak torque was 0.75±0.32 (N-m/kg) and 0.72±0.27 (N-211 
m/kg) for male and female. The concentric adductor peak torque difference between male and 212 
female athletes was only 0.03 N-m/kg (Table 2). There were no statistical differences in 213 
abductor:adductor peak torque ratios between sexes (p = 0.32; Table 2). The abductor:adductor 214 
peak torque ratios were 0.64±0.21 for male and 0.57±0.18 for female.  215 
DISCUSSION  216 
The primary purpose of this study was to compare isokinetic concentric hip abductor and 217 
adductor peak torque and the abductor:adductor peak torque ratios between males and females. 218 
The tested hypothesis was that there would be a sex difference in isokinetic concentric hip 219 
abductor and adductor peak torque, and abductor:adductor peak torque ratios. A difference in 220 
isokinetic concentric hip abductor peak torque was observed between male and female 221 
populations. (Table 2) However, no difference in concentric hip adductor peak torque and 222 
abductor:adductor peak torque ratios were observed. Therefore, one of the three variables in our 223 
hypothesis was supported, but the other two variables within our hypothesis were not supported. 224 
Specific hypothesis was that females show higher hip adductor peak torque relative to hip 225 
abductor compared to that of the male counterparts. The hip adductor peak torque did not 226 
demonstrate a difference between the sexes; however, since greater hip abductor peak torque was 227 
noted in the males compared to the females, the abductor:adductor peak torque ratio 228 
demonstrated slight disparity, yet it was not statistically significant. (Table 2) The higher hip 229 
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adductor peak torque in relation to hip abductor in female population was hypothesized because 230 
the imbalanced hip musculature strength may exist in the female population, which may potential 231 
link to higher ACL and PFPS rates in female population. However, this study did not find a 232 
difference in the hip abductor:adductor peak torque ratio between sexes. 233 
There was no difference in hip adductor peak torque between male and female athletes. 234 
Instead, the normalized adductor peak torque values were actually fairly comparable between 235 
groups. The abductor:adductor peak torque ratios also did not differ between sexes. Comparing 236 
these results to previously published studies, the role of the hip abductor peak torque appears to 237 
be critical for distal segments, especially knee joint pathologies and kinematics.
12,13,18-23 
For 238 
example, several cross-sectional studies identified that females with PFPS had lower hip 239 
abductor torque compared to females without PFPS.
12,13,20
 Similarly, a laboratory controlled 240 
study that measured running kinematics between PFPS patients and uninjured controls found that 241 
PFPS patients had significantly lower isometric hip abductor peak torque and exhibited increased 242 
hip adduction angles during running, especially toward the end of the running.
21
 Another 243 
laboratory controlled study demonstrated that knee abduction angles were increased in a running 244 
task in subjects with weak isometric hip abductors compared to the subjects who had stronger 245 
hip abductors.
23
 A study that examined effects of knee kinematics in cutting, jumping, and 246 
running maneuvers after hip abductor fatigue protocol reported greater knee abduction angles as 247 
well.
22
 Furthermore, females with greater eccentric hip abductor torque showed less femur 248 
adduction, medial rotation and greater knee adduction excursion compared to male population.
19
 249 
Because female’s pelvis is wider compared to their male counterparts, decreased hip abductor 250 
peak torque may lead to greater kinematic alteration in female population. In short, the 251 
previously published studies reported consistent evidence
 
that decreased hip abductor peak 252 
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torque may influence knee kinematics, resulting in an increase in knee abduction, especially in 253 
the coronal/frontal plane.
21-23
 The application of an intervention to strengthen the hip abductors 254 
has been recently reported. A series of lumbo-pelvic-hip complex exercises were instituted to 255 
young female athletes for eight weeks and resulted in an increase in eccentric hip abductor peak 256 
torque, and a decrease in knee abduction angles performing a single leg squat when post-testing 257 
was compared to pre-testing values.
18
 Therefore, the role of the hip abductors may be important 258 
for controlling the knee joint at coronal/frontal plane. Future studies to determine if differences 259 
exist between sexes for both strength and kinematics is warranted.   260 
In our study, subjects generated higher isokinetic hip abductor torque (males 1.29±0.24 261 
Nm/kg; females 1.13±0.20 Nm/kg, Table 2) than hip adductor torque (males 0.75±0.32 Nm/kg; 262 
females 0.72±0.27 Nm/kg, Table 2). In contrast, previous studies have reported higher isokinetic 263 
peak torque values in hip adductors rather than hip abductors.
24-26
 For example, Donatelli et al. 264 
reported greater adductor values (males 152.6±54.1; females 108.2±24.5) than abductor (males 265 
63.8±17.1; females 42.6±8.2; units were unrecorded, Table 3 and 4).
24
 The reported 266 
abductor:adductor ratios for male and females were 1: 2.09 and 1: 2.46, which implied that the 267 
adductors are 2.09 and 2.46 stronger in males and females relative to abductors. Poulmedis et al. 268 
also reported higher isokinetic peak torque values for the hip adductors at three different speeds 269 
(160±17 Nm at 30°/sec, 137±24 Nm at 90°/sec, 109±22 Nm at 180°/sec) compared to the hip 270 
abductors (119±24 Nm at 30°/sec, 88±19 Nm at 90°/sec, 66±17 Nm at 180°/sec, Table 2 and 3) 271 
isometrically.
25
 Similarly, isokinetic concentric peak torque values reported by Tippett et al. 272 
were higher in the hip adductors in two different speeds bilaterally (stance leg: 104±39.0 ft-lb at 273 
30°/s and 96±38.6 ft-lb at 180°/sec, kicking leg: 107±32.8 ft-lb at 30°/sec and 97±33.4 ft-lb at 274 
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180°/sec ) compared to the hip abductors (stance leg: 80±26.5 ft-lb at 30°/sec and 48±17.5 ft-lb 275 
at 180°/sec, kicking leg: 87±28.8 ft-lb at 30°/sec and 44±18.0 ft-lb at 180°/sec, Table 3 and 4).
26
  276 
One likely reason for this discrepancy in the literature may be the inclusion or exclusion 277 
of gravity correction. Our comparison with and without gravity correction found 28% and 32% 278 
of differences in hip abductor and adductor peak torque values (Figure 3), and gravity 279 
compensation was not documented in the several studies.
24,26-28
 In the studies
 
performed by 280 
Donatelli et al. and Tippett et al., the side lying position was chosen for assessing hip abductors 281 
and adductors strength.
24,26
 Since a gravity correction was not employed, the effect of gravity 282 
would artificially inflate the hip adduction values and artificially result in a depression of hip 283 
abduction values. In fact, our data displays the impact of gravity correction (Figure 2). Hip 284 
adductor peak torque showed higher values when gravity effects were not compensated. 285 
Conversely, hip abductor peak torque values appeared to be deflated when gravity compensation 286 
was not incorporated.  287 
The importance of correction for the influence of gravity has also been identified by 288 
several authors.
29-31
 Winter et al. reported 26-43% and 55-510% of mechanical work errors 289 
associated with gravity in isokinetic knee extension and flexion tests in three different speeds 290 
(20°/sec, 40°/sec, and 60°/sec).
31
 Using knee flexion as an example, the author explained that if 291 
subjects’ efforts to engage with the knee flexion were low, gravity significantly assisted the knee 292 
flexion motion, which increased the mechanical errors. The author also pointed out that this may 293 
account for the greater mechanical work error margins in knee flexion compared to knee 294 
extension. Another study performed by Edouard et al. examined 33 healthy volunteers’ dominant 295 
shoulder internal and external rotations concentrically and found 12-15% and 24-28% peak 296 
torque differences in shoulder internal and external rotation with and without gravity 297 
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correction.
30 
Greater influences of gravity were observed on internal and external shoulder 298 
rotation ratio calculation, and 39-42% of the ratio differences were documented with and without 299 
gravity correction. The author concluded that gravity correction has a significant impact on 300 
isokinetic peak torque measurements.  301 
Limitations 302 
Several limitations to this study should be stated. Although absence of gravity correction 303 
was suspected as a potential reason of inflated isokinetic peak torque values in the hip adductor 304 
muscle group, two studies
20,25 
that actually compensated for gravity in the isokinetic testing 305 
reported higher isokinetic peak torque values in hip adduction compared to hip abduction. One 306 
study that used a side lying position for isokinetic peak torque measurement for eccentric hip 307 
abductor and adductor demonstrated higher isokinetic peak torque values in hip adductor (10 308 
adults: 197.4±12.1 Nm/kg at 30°/s, 10 adults with PFPS: 171.0±13.4 Nm/kg at 30°/sec) 309 
compared to hip abductor (10 adults: 123.4±5.9 Nm/kg at 30°/s, 10 adults with PFPS: 88.9±10.3 310 
Nm/kg at 30°/sec, Table 3 and 4).
20
 Therefore, it is difficult to conclude that the gravity 311 
compensation is the only potential cause of higher peak toque values in the hip abductors.   312 
A few studies employed a side-lying position to measure hip abduction peak torque.
12, 13, 
313 
15, 20-22
 However, the current study chose a standing position in order to measure hip abductor and 314 
adductor peak torque simultaneously. Application of gravity correction for the standing testing 315 
position for hip abductors potentially involves upper body segments. As it was explained above, 316 
gravity correction gives a substantial influence on the torque values. Thus, although there is no 317 
gold standard for hip peak torque measurement, testing position and gravity correction method 318 
might have influenced the current results. 319 
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When the tested leg was transitioning from abduction to adduction directions, the torque 320 
values demonstrated counter directional values. (Figure 3) It was suspected that when the 321 
attachment arm, which was securely placed over the middle one-third of the lateral thigh, hit pre-322 
programed hip abduction range of motion (approximately 45°), the force transition was not 323 
smooth, which in turn, generated counter directional values prior to actual transition to hip 324 
adduction direction. However, peak torque values of hip abductor and adductor were used for the 325 
data reduction; thus, it does not alter results of this study.               326 
Both hip abductor and adductor peak torque were measured concentrically. From the 327 
suggested ACL and PFPS mechanisms, measuring eccentric hip abductor peak torque would 328 
have been ideal. Recently published studies
15, 18-20 
measured eccentric hip abductor peak torque, 329 
which may be more applicable from functional stand point. Also, due to the concentric 330 
contraction, slight hip internal rotation might have contributed to the peak torque values although 331 
hip and distal thigh were securely stabilized. Additionally, since we eliminated subjects with 332 
previous hip surgery and any acute, sub-acute, and chronic hip injury, this study results are only 333 
applicable for athletic population without low back dysfunction. Those limitations are warranted 334 
for future studies.   335 
CONCLUSION 336 
In summary, the current cross-sectional study demonstrated reduced isokinetic concentric 337 
hip abductor peak torque in college aged females compared to college aged males. Another 338 
finding from the current project, which is contradictory to previous studies, is higher peak torque 339 
values in hip abduction compared to hip adduction values in both male and female subjects. 340 
Possible explanations for this finding is a status of gravity correction. Absence of gravity 341 
correction may result in inflated adductor and decreased abductor peak values and is important to 342 
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consider when reviewing studies that did employ a gravity correction procedure. For future 343 
isokinetic research, implementation of gravity correction is warranted for accurate isokinetic hip 344 
abductor and adductor measurements. 345 
Word count: 3377/3000 346 
 347 
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 Figure 1. Knee abduction in the frontal plane (Left knee). 
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Figure 2. Positioning for standing hip abduction and adduction testing. 
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Figure 3. Example of a torque of five repetitions of hip abduction and adduction motions at 
60°/sec. The blue dot line indicates an original torque with gravity correction from the Biodex. 
The red dash line displays a torque when gravity was removed from the Biodex. The green solid 
line illustrates a torque with gravity correction based on recalculation of lower extremities. 
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Table 1. A series of equations were applied to calculate the gravity correction. 
Equations  Equation content Purpose 
Equation 1 Gravity compensated by the Biodex / Sin 
(radian(starting position) - 90°)                                                                    
Gravity removal from the 
Biodex machine 
Equation 2 -Cos (radian (moving angles )) x Sin Adjustment of gravity 
direction with hip abduction 
and adduction motions for 
equation 5 
Equation 3 Subject’s mass x Relative mass (Upper leg, 
Shank, and Foot) 
Calculation for the application 
of equation 5 
Equation 4 Subject’s upper leg length x Relative length 
(Shank and Foot) 
Calculation for the application 
of equation 5 
Equation 5 (Upper leg + Shank + Foot) x Sin + (Equation 
2) x (Gravity compensated by the Biodex / 
Radian (starting position / 90°))   
Gravity adjustment with 
calculated body segments 
throughout performed ROM 
For equation 3 and 4, references
22, 29 
were used for the relative mass and length calculations. 
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 Table 2. Mean (± SD) Peak Torque of Hip Abductor, Adductor, and Abductor : Adductor  
Peak Torque Ratios for 36 subjects (20 females and 16 males). 
 
Isokinetic  
Strength  
Male Female 
 
Significance  
(p-value) 
Abductor Peak  
Torque (N-m/kg) 
 
 
1.29 ± 0.24 
 
1.13 ± 0.20 
  
          0.03* 
 Adductor Peak 
Torque (N-m/kg) 
 
 
0.75 ± 0.32 
 
0.72 ± 0.27 
           
          0.79 
Abductor : Adductor 
Peak Torque Ratios 
 
0.64 ± 0.21 
 
0.57 ± 0.18 
 
          0.32 
    
 
*Significant P < .05 
 
 
 
 
 
 
 
LWW Copyright Transfer and Disclosure Form
 
 Table 3. Comparisons of isokinetic peak torque of the hip abductor at varying   
velocities and several previous studies. 
Study Subjects Units    
Abductio
n 
  
   30°/sec 60°/sec 90°/se
c 
180°/se
c 
Poulme
dis et al. 
18 males Nm 119±24  88±19 66±17 
Tippett 
et al.* 
16 males 
Stance 
leg 
Nm 109±35.
9 
  65±23.7 
 
 16 males 
Kicking 
leg 
Nm 118±39.
1 
  60±24.4 
 
Cahalan 
et al.* 
18 
younger 
males 
Nm 103±26  79±20  
 21 
younger 
females 
Nm 66±19  54±20  
 17 Nm 75±18  63±19  
LWW Copyright Transfer and Disclosure Form
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values were expressed with mean ± SD.  PFPS stands for patellofemoral pain syndrome. 
*No gravity compensation stated.   
**No units stated. 
***The vales were multiplied by 100 in the original study. 
elderly 
males 
 16 
elderly 
females 
Nm 48±14  38±13  
Donatell
i et al.* 
28 males -**  63.8±17.
1 
  
 56 
females 
-**  42.6±8.2   
Johnson 
et al.* 
38 young Nm  96.4±18.
8 
  
 38 
elderly 
Nm  53.6±16.
2 
  
Baldon 
et al.*** 
10 adults  Nm/k
g 
123.4±5.
9 
   
 10 adults 
with 
PFPS 
Nm/k
g  
88.9±10.
3 
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